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What are they? ARFs are small
(~21 kDa) ubiquitously expressed
GTPases structurally related to
Ras. The name ARF stands for
ADP-ribosylation factor and
derives from the initial
characterization of ARF1 as an
allosteric activator of cholera
toxin, an ADP-ribosyltransferase.
Obviously, activation of cholera
toxin is not the primary function of
ARFs in cells.
Not to be confused with...
p14ARF, a tumor suppressor
involved in regulation of the cell
cycle.
Where are ARFs found in the
cell? There are three ARFs in
yeast, six in mammals, and all are
myristoylated at their amino
termini. Yeast ARF1 and ARF2 are
functionally analogous to
mammalian ARF1, ARF2 and ARF3
and localize primarily to the Golgi
complex. Although little is known
about ARF4 and ARF5, they
probably act primarily at the Golgi
too. Yeast ARF3 is not essential
for viability and is poorly
understood, but it is closest in
sequence to mammalian ARF6,
which localizes to the plasma
membrane/endosomal system in
most cells.
What do ARFs really do? ARFs
are important regulators of
vesicular transport. ARF1 controls
the formation of several different
types of coated vesicles. These
include COP I-coated vesicles that
mediate intra-Golgi and Golgi-to-
ER retrograde transport, as well
as clathrin-coated vesicles
containing the adaptor complexes
AP-1 and AP-3, which carry cargo
from the Golgi to the endocytic
pathway. Mammalian ARF1 has
also been reported to function in
the formation of carrier vesicles
from endosomal membranes and
in the formation of focal
adhesions, and hence may have
functions outside the Golgi as
well. ARF3 appears to be
functionally interchangeable with
ARF1. ARF4 and ARF5 are likely to
have similar roles as ARF1 and
ARF3 in the Golgi. In contrast,
ARF6 regulates a variety of
processes including some forms
of regulated secretion, endosomal
recycling, desensitization of some
G-protein coupled receptors and
actin assembly at the plasma
membrane.
How do they function? Like
other GTPases, ARFs undergo a
nucleotide-dependent
conformational change that
promotes their interaction with
cellular membranes and with a
variety of downstream effector
proteins. 
What is known about ARF
effectors? ARF effectors fall into
several categories. The first are
enzymes whose activity is
modulated by ARF, such as
phospholipase D (PLD) and
phosphatidylinositol 4-phosphate
5-kinase alpha. The second are
adaptor proteins such as the
GGAs whose localization is
dependent upon ARF activation.
This group may also include ARF-
GAPs, many of which serve as
scaffolds for the assembly of large
protein complexes. The third
contains proteins of unknown
function such as arfophilin or
arfaptin-2/POR1.
What is the outcome of the
various interactions? ARF1 has
been shown to interact directly
with components of the COP I
vesicle coat, and nucleates
assembly of the clathrin–AP-1 and
clathrin–AP-3 coats by recruiting
the GGA linker proteins to the
trans-Golgi network. Additionally,
at least some of the functions of
ARF in cells are linked to their
ability to modulate phospholipid
metabolism. All ARFs are
allosteric activators of PLD, which
generates phosphatidic acid from
phosphatidylcholine. ARFs can
also stimulate the activity of
phosphoinositide kinases, leading
to enhanced local production of
PI(4,5)P2 at the Golgi, plasma
membrane and endosomes. These
charged lipids may stimulate the
recruitment of select proteins
(including coat proteins) to the
membrane, alter membrane
fluidity (affecting budding and
fusion) and also facilitate
remodeling of cortical actin in
response to ARF activation.
How are ARFs regulated? The
GTPase cycle of ARFs is regulated
by two classes of accessory
proteins, guanine nucleotide
exchange factors (GEFs) which
stimulate GTP loading, and
GTPase-activating proteins
(GAPs), which promote GTP
hydrolysis. The number of
mammalian GEFs (fourteen) and
GAPs (twelve) far exceeds the
number of ARFs, indicating that
individual ARFs must be regulated
by more than one GEF or GAP.
Most of the Golgi-associated
GEFs are sensitive to the fungal
toxin brefeldin A. Since ARF–GTP
is required for carrier vesicle
formation at multiple Golgi sites,
secretion is effectively inhibited by
brefeldin treatment. 
Are the GEFs and GAPs
themselves subject to
regulation? Yes, of course. For
example the activity of ARF-GAP1,
which is incorporated into COP I-
coated vesicles during their
formation, is inhibited by
interaction with specific cargo
molecules. As unregulated GAP
activity would cause dissociation
of the coat before vesicles could
even form, this mechanism allows
completion of coat assembly and
budding only in the presence of
the appropriate cargo.
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